Choroidal melanoma is the most common primary ocular cancer among the adult population. Patient survival has been linked to the periodic acid-Schiff base (PAS)-positive vascular patterns in the tumors. The presence of PAS-positive loops or cross-linking parallel channels is a marker of an aggressive tumor. The purpose of this study was to develop new xenograft models of human choroidal melanoma that predictably demonstrate the PAS staining patterns associated with nonaggressive and aggressive tumors in humans. METHODS. Three human choroidal melanoma cell lines (C918, M619, and OCM-1) were used. C918 and M619 are considered aggressive, based on their ability to form PAS-positive channels in vitro. The nonaggressive OCM-1 cells do not form these channels. C918, M619, and OCM-1 spheroids were grown and implanted in the suprachoroidal space of 20, 17, and 16 WAG/ RijHs-rnu nude rats, respectively. Tumors were grown for 1 to Ͼ4 weeks, and histology was performed to evaluate tumor growth and determine PAS labeling patterns. RESULTS. Growth of C918, M619, and OCM-1 xenografts were histologically verified in 20/20, 15/17, and 16/16 rats, respectively. PAS staining revealed loops and cross-linking parallel channels, typical of aggressive tumors in patients, in 90% of C918 and 100% of M619 xenografts. Only 4 of 16 OCM-1 xenografts showed PAS-positive loops. The rest showed no PAS staining or only perivascular staining, indicative of nonaggressive tumors. CONCLUSIONS. It is possible to grow human choroidal melanoma orthotopic xenografts in nude rats that reproduce the PAS staining patterns associated with aggressive and nonaggressive choroidal melanomas in patients. (Invest Ophthalmol Vis Sci. 
T he annual incidence of intraocular melanoma in the Western world is approximately six cases per million, 1 making it the most common intraocular malignancy, accounting for 70% of all primary eye cancers. 2 One of the most striking characteristics of human choroidal melanomas is the presence of vascular channels that stain positively with periodic acidSchiff (PAS) base. The pattern of these PAS-positive channels has been shown to correlate strongly with patient prognosis. [3] [4] [5] [6] [7] [8] The presence of closed vascular loops, series of loops (networks), and cross-linking parallel channels is linked to poor survival. It was initially proposed that these PAS-positive patterns identified blood vessels formed by tumor-initiated angiogenesis. 3, 4 Later Maniotis et al. 9 and Folberg et al. 10 reported that these PAS-positive patterns were not typical blood vessels derived by angiogenesis from preexisting vessels, but were actually extracellular matrix-lined channels produced by the tumor cells themselves via a process called vasculogenic mimicry.
Recently Mueller et al. [11] [12] [13] [14] and Schaller et al. 15 have been able to visualize and identify these vascular patterns in patients with choroidal melanoma, by using simultaneous confocal fluorescein angiography, indocyanine green angiography, or a combination of the two. This may make it feasible in the future to direct individual patient treatment based on the tumor vascular pattern. To develop better therapies designed for these specific tumor types, it is important to generate animal models that mimic the PAS staining patterns found in patients. Such models may also provide a better understanding of differences between aggressive and nonaggressive choroidal melanomas.
Others have implanted human choroidal melanomas into the suprachoroidal space of experimental animals, 16 but none of these models duplicated the PAS staining patterns of aggressive and nonaggressive tumors. Recently, Mueller et al. 17 injected human choroidal melanoma OCM-1 cells into the subretinal space of the eyes of SCID mice. The resultant tumors showed "the matrix-associated microcirculatory patterns of aggressive primary human uveal melanomas," but there was no mention of tumors that showed the patterns associated with nonaggressive tumors.
The purpose of the present study was to develop new orthotopic human choroidal melanoma xenograft models that reproduce the PAS staining patterns associated with aggressive and nonaggressive choroidal melanomas in patients. We hypothesized that implanting three dimensional (3-D) aggregates of known aggressive and nonaggressive human choroidal melanoma cell lines into the choroids of athymic rats would result in the growth of tumors that demonstrate the PAS staining patterns associated with aggressive and nonaggressive tumors in patients. We injected tumor spheroids formed from two aggressive (C918 and M619) and one nonaggressive (OCM-1) human choroidal melanoma cell lines into the suprachoroidal space of nude, athymic rats. Eyes were harvested after 1 to Ͼ4 weeks of growth. The presence of a tumor was verified histologically, and PAS staining patterns were identified. Histologic cell type, maximum tumor area, and mitotic index were also determined.
MATERIALS Animals
The mutant rat strain WAG/RijHs-rnu was used in this study for several reasons. First, these rats are athymic, which permitted the xenotrans-plantation of human tumor tissue into the choroid. Second, they are albino, which allowed normal choroidal vessels and tumor vessels to be viewed with epifluorescence. 18, 19 The WAG/RijHs-rnu rats were bred and housed in the Department of Laboratory Animal Resources (DLAR) facility at Wayne State University. All procedures were in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research and were approved by the Wayne State University Animal Investigation Committee.
Human Choroidal Melanoma Cell Lines
Three different human choroidal melanoma cell lines were used in this study: OCM-1, C918, and M619. OCM-1 was generously supplied by June Kan-Mitchell at Wayne State University. The latter two cell lines were kindly supplied by Mary Hendrix and Karla Daniels (University of Iowa). All three cell lines were maintained in RPMI medium, with 10% fetal bovine serum (FBS) and antibiotic.
The OCM-1 cells were originally cultured from a human choroidal melanoma specimen in 1985. In vitro tests have shown that the OCM-1 cells have poor invasive potential and do not form vascular channels in three dimensional cultures (i.e., they do not exhibit vasculogenic mimicry). 9 For these reasons, OCM-1 has been characterized as a noninvasive and poorly aggressive (nonaggressive) human choroidal melanoma cell line. 9, 20 The C918 and M619 cells were derived from patient tumors at the University of Iowa in the 1990s. 21, 22 Both cell lines have demonstrated a high invasive potential and the ability to form vascular channels via vasculogenic mimicry in 3-D culture. 9 Therefore, C918 and M619 cells have been designated highly invasive, metastatic, and aggressive.
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Growth of Tumor Spheroids
Tumor spheroids are 3-D aggregations of tumor cells that have been used as a model of tumor parenchyma for decades. 23, 24 Spheroids have also been implanted subcutaneously in brain or in fat pads, to initiate solid tumor growth in laboratory animals. [25] [26] [27] In this study, spheroids were grown by using a modified version of the method described by Yuhas et al. 28 Agar (1%) was prepared in RPMI medium by sterilization for 30 minutes. While still hot, 20 mL of 1% agar was poured into the bottom of sterile 100 ϫ 20-mm plastic Petri dishes. To initiate spheroid growth, 5 ϫ 10 6 cells in 20 mL of RPMI, FBS, and antibiotic were placed in each agar-coated Petri dish. The dishes were then placed in the incubator. Spheroids were implanted into the choroid when they were 200 to 500 m in diameter.
Orthotopic Xenograft Model: Injection of Choroidal Melanoma Spheroids into Choroid
Tumor implantation was performed under sterile conditions in a BSL2 safety hood in the Wayne State DLAR facility. Rats were anesthetized with a ketamine-xylazine mixture (70/8 mg/kg IP), and proparacaine HCl (0.5%) was applied topically to the right eye as a local anesthesia. The rat was placed under an operating microscope, and a suture was tied through the upper eyelid to expose the globe. An incision was made in the conjunctiva to expose a portion of the sclera. Approximately five tumor spheroids were pulled into a 5-L glass syringe (model #65RN; Hamilton Co., Reno, NV) equipped with a threefourths-inch long, beveled, 32-gauge needle (catalog #0160832, point style 4; Hamilton Co.). It was necessary to take up only a volume of spheroids and media of 1 L or less. The tip of the needle was inserted into the sclera, and the 1-L volume was injected into the suprachoroidal space. Antibiotic ointment was applied, and the rat was allowed to recover on the heating blanket before being returned to its cage. C918, M619, and OCM-1 spheroids were implanted in the right eyes of 20, 17, and 16 rats, respectively. After 4 to 41 days, the rats were euthanatized with an overdose of pentobarbital sodium, and the eyes were enucleated and fixed overnight in 10% neutral buffered formalin. The cornea and lens were then removed, and the eye cups were fixed for another 6 hours in formalin and another hour in a postfixative (PenFix; Richard-Allan Scientific, Kalamazoo, MI). They were refrigerated in 70% ethanol until they could be further processed. Eye cups were dehydrated through a series of increasing alcohols, cleared (Clear-Rite 3; Richard-Allan Scientific, Kalamazoo, MI), and embedded in paraffin. In most rats, pieces of liver were processed in an identical fashion.
Hematoxylin and Eosin Staining and Tumor Growth Evaluation
Serial sections were cut from each paraffin block, and three to five 10-m sections were placed on an individual lysine-coated slide. Every other slide was stained with hematoxylin and eosin (H&E), with a standard protocol. Slides were viewed on a microscope (Axiophot; Carl Zeiss Meditec, Inc. Thornwood, NY), and tumor-containing sections were photographed with a digital camera and software (Axiocam; Carl Zeiss Meditec, Inc.). Coded tumor sections were examined for histologic cell type (spindle cell, epithelioid, or mixed cell), extent of scleral involvement, and extent of retinal penetration in a blinded fashion by one of the authors (RDB). Tumor size was assessed by measuring tumor area on the digitized images of the H&E sections using image-analysis software (ScionImage; Scion Corp., Frederick, MD). The area was measured from multiple sections for each tumor, and the maximum area was used to characterize the size of each tumor.
Mitotic indices were determined on H&E-stained sections of all 21 tumors that had maximum areas of 1.5 mm 3 or greater. Smaller tumors were not analyzed, because areas of the tumor that filled the microscopic field could not be routinely located. Slides were coded by an individual not associated with the study and were evaluated in a blinded fashion by one of the authors (RDB). Tumor sections were viewed under a high-power (40ϫ) objective that yielded an overall magnification of 400ϫ. The resultant microscopic field had a diameter of 467 m and an area of 0.171 mm 2 . Forty different high-power fields were viewed, and the total number of mitotic figures were counted. The mitotic index was expressed as the number of mitoses per square millimeter.
PAS Base Staining
Once the tumor was identified in H&E sections, at least one of the neighboring slides was stained with PAS. PAS staining of the choroidal melanoma xenografts was performed, using the procedure developed by Folberg et al., 3 which involves staining tumor sections with periodic acid-Schiff reagent without hematoxylin staining. Slides were viewed on the microscope (Axiophot; Carl Zeiss Meditec, Inc.) through a green filter to enhance contrast. The criteria set forth by Folberg et al. were used to determine the presence of the nine PAS-positive patterns, including microvascular loops, networks, and cross-linking parallel channels. [3] [4] [5] Slides were coded by an individual not associated with the study and were evaluated in a blinded fashion in triplicate by one of the authors (RDB). The assessment that was noted in at least two of the three evaluations was taken as the final PAS staining pattern.
RESULTS
Growth of Human Choroidal Melanoma Xenografts
Tumor spheroids were successfully grown from C918, M619, and OCM-1 human choroidal melanoma cells (Fig. 1) . OCM-1 spheroids typically grew as collections of loosely packed, large cells, whereas the spheroids formed by the aggressive cell lines (C918 and M619) were composed of tightly packed, small cells.
The implantation of tumor spheroids into the suprachoroidal space resulted in the successful growth of orthotopic xenografts with all three cell lines (Fig. 2) . Tumor growth could be histologically verified in all 20 eyes implanted with C918 sphe- All three tumor types were primarily comprised of tightly packed epithelioid cells (Fig. 3, center) , although spindle cells could be found in some of the tumors. Such xenografts were designated as mixed-cell tumors. The areas of spindle cells were sometimes located in swirling patterns or often along the edge of tumors that had penetrated into the vitreous humor. Eleven of the 20 C918 tumors were classified as epithelioid, whereas the other nine were mixed cell ( Table 1 ). The M619 tumors were dominated by epithelioid tumors (11/15), whereas only five of the 16 OCM-1 xenografts were classified as pure epithelioid. Thus, a higher proportion of the OCM-1 xenografts tended to be mixed-cell tumors compared with the C918 and M619 groups, but a 2 test revealed that this difference did not reach statistical significance (P ϭ 0.062).
Little necrosis was noted in the tumors until they reached a large size after 3 to 4 weeks. By 3 weeks, 3 of 11 tumors had necrotic regions. After more than 4 weeks of growth, 8 of the 10 tumors showed evidence of some necrosis, but necrotic regions never dominated the tumor (Fig. 2, Ͼ4 weeks) .
The overall growth rates are summarized in Figure 4 , which shows the maximum area for each tumor as a function of days of growth. The growth rates were compared by ANCOVA of the regression slopes of the semilogarithmic plots of the data (ln area versus time). 29 There was no significant difference in the slopes (F ϭ 0.2138, P ϭ 0.808), indicating no difference in the growth rates among the three tumors. In addition, the maximum areas for tumors after 2 weeks of growth were compared. The mean Ϯ SD maximum tumor areas of the C918, M619, and OCM-1 xenografts after 2 weeks were 0.611 Ϯ 0.392 (n ϭ 7), 0.950 Ϯ 0.805 (n ϭ 8), and 0.629 Ϯ 0.593 (n ϭ 8) mm 2 , respectively. Kruskal-Wallis one-way ANOVA showed that there was no difference among the groups (P ϭ 0.685).
The mitotic index of the large tumors (maximum area, Ͼ1.5 mm 2 ) grown from each cell line (Table 1 ) was determined. Kruskal-Wallis one-way ANOVA showed that there was a significant difference among the groups (P ϭ 0.027). Mann-Whitney rank sum tests revealed that there was no difference between the mitotic indices for the M619 and OCM-1 tumors (P ϭ 0.852) or the indices for the M619 and C918 tumors (P ϭ 0.181). The mitotic index of the C918 tumors, however, was significantly lower than that of the OCM-1 tumors (P ϭ 0.002).
All tumors grew within the suprachoroidal space, although they gradually extended beyond this region. In this model, there was little scleral involvement up to 2 weeks after tumor implantation. Twenty-one (72%) of 29 tumors remained within the confines of the sclera up to this time point. After 3 weeks of tumor growth, 9 of 11 tumors had either infiltrated or penetrated the sclera. If the tumors were allowed to grow for more than 4 weeks, 8 of 11 tumors showed scleral penetration, and a portion of the sclera was obliterated (Fig. 2, Ͼ4 weeks). Sections were also examined for regions where the tumor had penetrated the retina and grew along the vitreous surface. Examples of such tumors are shown in Figure 2 . After 1 and 2 weeks of growth, 38% and 57% of the tumors had penetrated into the vitreous humor, respectively. By 3 weeks or more, 20 of 22 xenografts had reached the vitreous humor, and the retina was often obliterated near the tumor.
We found no evidence of metastases in any of the liver samples we sectioned. We did extensive sectioning of the liver pieces from animals that had grown tumors for more than 4 weeks and found no histologic evidence of metastatic lesions.
PAS-Positive Vascular Patterns in Choroidal Melanoma Xenografts
Most of the tumors were characterized by the presence of one of the four following PAS patterns: loops, cross-linking parallel channels, silent (no PAS staining), or normal (tumor cells growing around normal choroidal vessels). In a few cases, straight or parallel PAS-stained vessels, indicative of nonaggressive tumors, were also noted. Because these tumors also showed normal choroidal vessels, they were included in the "normal" group. Networks and arcs were also found in some of the tumors showing loops or cross-linking, parallel channels. Based on these findings, the tumors were grouped into one of three PAS staining patterns: silent or normal, loops/networks, or cross-linking parallel channels.
Representative sections from tumors grown for either 2 weeks or for more than 4 weeks are shown in Figures 3 and 5 , respectively. C918 xenografts typically showed heavy, randomly oriented staining with many cross-linking parallel channels (Figs. 3, 5 ) and some loops (Fig. 5) , which are markers of tumor aggressiveness in patients. 4 ,5 M619 xenografts primarily demonstrated PAS-positive loops (Figs. 3, 5) . The OCM-1 tumors usually showed no PAS staining (silent pattern, Fig. 3 ) or some perivascular staining around normal choroidal vessels (normal pattern, Fig. 5, bottom) . 
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The data for all the tumors are summarized in Figure 6 . The C918 tumors were typically characterized by the presence of cross-linking parallel channels, and only 2 of 20 tumors lacked the staining patterns associated with aggressive tumors. All the M619 tumors showed one of the two patterns associated with aggressiveness, and most presented loops or networks. In contrast, the OCM-1 tumors were dominated by the absence of PAS-staining or perivascular staining of normal choroidal vessels. Twelve (75%) of the 16 tumors showed these patterns of staining, whereas the other four presented PAS-positive loops.
There was a relationship between the PAS-staining pattern and the histologic cell type of the tumor (mixed cell or pure epithelioid; Table 1 ). Twenty-four of the tumors containing PAS-positive loops or cross-linking parallel channels were strictly epithelioid, whereas 13 were designated as mixed-cell type. The tumors showing silent or normal PAS patterns were mostly of the mixed-cell type (11 mixed cell and 3 epithelioid). A Fisher exact test determined that these groups were significantly different (P ϭ 0.011), indicating that pure epithelioid tumors had a higher probability of displaying PAS-positive The mitotic index is expressed as the mean Ϯ SD, and n is the number of tumors for which the mitotic index was determined (maximum area, Ͼ1.5 mm 2 ). * Mitotic index was significantly different from OCM-1 value (Mann-Whitney rank sum test, P ϭ 0.002). † The Fisher exact test showed a significant difference between epithelioid and mixed cell tumors with respect to PAS-staining pattern (P ϭ 0.011). loops and/or cross-linking parallel channels than did mixed-cell tumors. Mitotic index was examined as a function of PAS staining pattern as well ( Table 1 ). The mitotic index of all tumors presenting PAS-positive loops/networks or cross-linking parallel channels was 3.38 Ϯ 2.02 mitoses/mm 2 (mean Ϯ SD, n ϭ 15). Those tumors with silent or normal PAS patterns had a mitotic index of 4.95 Ϯ 1.70 mitoses/mm 2 (n ϭ 6). The Mann-Whitney rank sum test showed no difference between these groups (P ϭ 0.094).
DISCUSSION Tumor Model
Since 1980, numerous attempts have been made to develop orthotopic models of human choroidal melanoma by implanting human choroidal melanoma tissue into the suprachoroidal space of an animal. 16 In most of these earlier studies, either the immunosuppressed rabbit 30 -34 or the immunocompromised mouse 16, 17, [35] [36] [37] was used as the animal model. Each of these animal models has strengths and weaknesses. The chief advantage of the rabbit model is the ability to use a larger eye that simplifies tumor implantation, permits longer tumor growth and observation time, and allows improved in vivo visualization of the tumor. Its major disadvantage is that the rabbit's immune system must be suppressed with cyclosporine to avoid rejection of the tumor tissue. Unfortunately, there can be significant toxicity and animal death associated with the drug. 31, 32 The chief benefit of using immunocompromised mice lies in the ability to grow human tumors without the need for immunosuppression. Another advantage of using the mouse is the wide availability of antibodies for immunohistochemical studies. The most obvious limitation of the model is the small size of the eye, which makes tumor implantation more difficult and limits the techniques that can be used to visualize the tumor. In this study, we chose to use the nude rat for several reasons. First, like the immunocompromised mouse, it can accept human tumor tissue without the need for immunosuppression. Second, the slightly larger size of the eye makes implantation of the tumor less complicated and permits in vivo observation of the tumor (e.g., quantification of blood flow on an intravital microscope). 18 There are several disadvantages of the nude rat model compared with the nude mouse model. There are fewer antibodies available against the rat, and a nude rat is much more expensive than a nude mouse. 
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Two important variables in the development of any animal model of choroidal melanoma are the nature of the transplanted tumor tissue and the implantation technique. The most direct source of tumor tissue has been the use of fresh pieces of human choroidal melanoma from patient specimens. They have been implanted in the posterior segment of nude mice, and tumors were successfully grown. 35, 36 In most studies, a suspension of human choroidal melanoma cells grown in tissue culture has served as the donor tissue that was injected into the suprachoroidal space transsclerally. 16,17,30 -33,37 We attempted direct injection of a cell suspension into the nude rat suprachoroidal space in an early version of this current model, but leakage from the wound resulted in significant extraocular growth. Another approach has been to grow pieces of human choroidal melanomas in a donor animal and implant them in the suprachoroidal space of an immunosuppressed rabbit 32, 34 or nude rat. 18 In two of those studies, the donor tumor was grown subcutaneously, 18, 32 whereas in the other it was grown in the anterior chamber. 34 In all three studies, orthotopic tumors could be grown, but the success rate was not as high as desired. It is possible that the small pieces of tumor chosen for implantation into the choroid did not contain a sufficient volume of viable cells. In addition to the low success rate, there was also concern with the use of subcutaneously grown tumors as the donor tissue in two cases. Intermediate growth of the tumor cells in the skin might have significantly altered their properties.
Because of these issues with other methods of implantation, we chose to use a modification of a technique previously used to grow tumors at other sites. [25] [26] [27] Tumor spheroids were grown in vitro and served as the donor tissue that was implanted into the suprachoroidal space. The major advantage of this technique is that a large number of tumor cells can be injected in a relatively small volume (1 L). In addition, there is very little or no leakage of tumor cells from the injection site, as can occur when a tumor cell suspension is injected. These are the same advantages achieved by implanting pieces of donor tumor, but it is not necessary to subject the tumor cells to an intermediate growth period in a donor animal.
Growth of Human Choroidal Melanoma Xenografts
Spheroids could be grown as donor tissue from all three cell lines (Fig. 1) . Recently, spheroids from these same three cell lines were grown on agar placed on a rotary shaker. 38 The aggressive lines (C918 and M619) formed 1-to 10-mm diameter, dense aggregates in 2 to 3 days, whereas the nonaggressive OCM-1 cells formed only small, loose associations. 38 The nature of the spheroids was similar in both studies, but the spheroids grew much more quickly in the shaken system. This faster growth rate was most likely a result of better nutrient availability and perhaps increased spheroid aggregation.
The technique of implanting spheroids in the suprachoroidal space to grow orthotopic choroidal melanoma xenografts was very successful. Tumors could be histologically verified in 51 of 53 eyes implanted with spheroids. The tumors grew fairly rapidly, reaching a maximum area of 2.78 Ϯ 2.22 mm 2 (mean Ϯ SD, n ϭ 11) by 3 weeks (Fig. 4) . There was no difference in the growth rates of the tumors, despite a difference in mitotic indices. Specifically, the OCM-1 xenografts had a significantly higher mitotic index than the tumors grown from the C918 line. This may seem somewhat surprising, because OCM-1 is classified as a "nonaggressive" cell line. 9, 20 It should be noted, however, that in vitro aggressiveness refers to the ability of the cell line to form vasculogenic channels in vitro and to invade extracellular matrices, not necessarily to its growth rate. Because tumor growth is a balance between cell proliferation and cell death, the similarity in growth rates suggests that the OCM-1 cells may have a higher apoptotic rate as well as a higher mitotic index compared to the C918 tumors. It is also possible that the duration of mitosis is longer in the OCM-1 cells compared to the C918 cells, even though the overall cell cycling time is the same. If this were true, then the chances of observing a dividing cell would be greater in the OCM-1 tumor, even though the growth rates were the same.
All the tumors contained some epithelioid cells and more than half of them were purely epithelioid (Table 1 ). There was no statistically significant relationship between the implanted cell line and the histologic cell type of the resultant tumor, although the OCM-1 xenografts tended to have more of the mixed-cell phenotype (Table 1) . These results generally agree with previous studies. Although the OCM-1 cells appear spindle-shaped in tissue culture, they do not result in spindle-cell tumors. When OCM-1 cells were orthotopically implanted into immunosuppressed rabbits, they generated tumors that were predominantly epithelioid in nature. 30 Orthotopic OCM-1 xenografts grown in SCID mice were described as mixed-cell tumors. 17 Necrotic areas were present in some of the larger tumors, but most of the xenografts showed no necrosis. This agrees with the pattern found in human choroidal melanoma, in which two-thirds of all medium-sized tumors show no necrosis. 39 The technique of injecting spheroids into the suprachoroidal space was effective at limiting extraocular growth of the tumors. The fact that scleral involvement was a function of tumor growth time strongly suggests that most injections resulted in deposition of the spheroids into the suprachoroidal space rather than outside the eye. Up to 2 weeks of growth, 72% of the tumors remained within the confines of the sclera, indicating that subsequent scleral involvement was a result of tumor growth rather than extension of the tumor along the site of injection. Whereas the technique limited most of the tumors to the eye, there was some significant retinal involvement in tumors that had grown for 1 week (38%). Although some of this may have been attributable to fast tumor growth, a portion may have been caused by injection of some spheroids into the retina or vitreous. We believe this factor could be minimized through more experience with the injection technique.
PAS-Positive Vascular Patterns in Choroidal Melanoma Xenografts
As hypothesized, the aggressive cell lines (C918 and M619) primarily produced xenografts that demonstrated PAS-positive patterns associated with aggressive tumors in patients (Fig.  6) . 4, 5 Twelve of 16 OCM-1 xenografts were characterized by the absence of PAS-staining or perivascular staining around large blood vessels (Fig. 6 ). These patterns have been associated with increased survival in patients. 4, 5 When OCM-1 tumors were grown in the choroids of SCID mice, PAS-positive loops and networks, indicative of an aggressive phenotype, were always found in the xenografts. 17 The reason for the difference in PAS staining of OCM-1 xenografts in the two studies may be related to the different animal models used, the difference in the method of implanting OCM-1 cells (cells versus spheroids), or phenotypical differences in the OCM-1 cells used.
It is unclear why the OCM-1 xenografts demonstrated the aggressive phenotype in four of 16 tumors. The cause of this variability in PAS staining pattern in the same animal model using spheroids from the same cell line may have multiple causes and requires future investigation. One possible expla-
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IOVS, January 2006, Vol. 47, No. 1 nation is that we selected spheroids that were composed of cells that had mutated into a more aggressive phenotype in culture. Unfortunately, spheroids were not routinely saved from each transplant, because correlating spheroid characteristics with xenograft staining patterns for individual rats was not an original goal of this study. An alternative explanation is that the spheroids were similar when implanted, but altered microenvironmental conditions within the suprachoroidal space caused a mutation or selected for a more aggressive phenotype some time during in vivo growth. Delineation of the factors involved in determining the ultimate phenotype of the OCM-1 xenografts requires a prospective study, in which the characteristics of specific sets of OCM-1 spheroids can be correlated with the PAS staining patterns in the tumors grown from them. There were also two C918 tumors that failed to show the PAS staining patterns associated with the aggressive phenotype. It is possible that we selected spheroids that had grown from cells with a less aggressive phenotype and that the spheroids maintained this phenotype during growth. Another explanation is that the tumors may have shown the aggressive PAS patterns had they been allowed to grow longer. The C918 tumor that showed a silent PAS pattern after 7 days of growth was one of the smallest of all 20 C918 tumors grown (maximum area of 0.090 mm 2 ). The other PAS-negative C918 tumor had grown for 14 days, but it was also small (maximum area of 0.594 mm 2 ). In this study, histologic cell type was linked to the PAS staining pattern. Mixed-cell tumors were associated with the silent or normal PAS staining pattern, while purely epithelioid tumors were more likely to present PAS-positive loops or parallel cross-linking channels (Table 1) . This is somewhat different from the relationship found in choroidal melanomas in patients, where the presence of any epithelioid cells has been linked to the expression of PAS-positive loops and crosslinking parallel channels. 4 Thus, human tumors with the mixed-cell phenotype have been associated with aggressive PAS staining patterns. Despite this difference, both results point to the importance of epithelioid cells in the expression of PAS-positive loops and cross-linking parallel channels.
There was no difference between the mitotic indices of tumors presenting with PAS-positive loops and/or parallel cross-linking channels and those with silent or normal patterns (Table 1) . This was mainly the result of the high mitotic indices of the OCM-1 tumors that expressed PAS-positive loops, which indicates that the tumor cell line was the major determinant of mitotic index, not the PAS staining pattern.
Possible Prognostic Factors in Choroidal Melanoma Xenografts
This study was not specifically designed to correlate the PASpositive patterns in the xenografts with the extent of metastasis or rat survival. Its purpose was to develop new xenograft models of human choroidal melanoma that predictably demonstrate the PAS staining patterns associated with nonaggressive and aggressive tumors in human patients. Nevertheless, we histologically examined the livers of rats that had borne tumors for more than 30 days. We could find no evidence of metastases in the livers excised at the time of enucleation. Mueller et al. 17 were also unable to verify the presence of metastases in lungs or livers of SCID mice that had borne intrachoroidal OCM-1 xenografts for 21 days. Because only portions of the livers were fixed and sectioned, it is possible that we simply missed the micrometastases that might have been present. Alternatively, it may be that we did not wait long enough for the metastatic lesions to become established. In a nude mouse model of metastatic human choroidal melanoma, livers have typically been examined 49 to 74 days after intraocular implantation of the cells. 37, 40, 41 Therefore, metastatic lesions could perhaps be found in this model if the tumors were allowed to grow longer or the rats were followed after enucleation of the tumor-bearing eye. 37 Studies to correlate the PAS staining pattern with the extent of metastatic disease in this model are currently under way.
In some studies, mitotic index has been identified as a contributing prognostic indicator in choroidal melanoma by multivariate analysis. 4, 42, 43 The criterion for prognostic significance was usually the presence of at least one mitosis per 40 HPFs (Ն0.025 mitosis/HPF) 4 or at least 0.1 mitosis/HPF. [42] [43] [44] In the present study, all three tumors had very high mitotic rates. The C918 xenografts had the lowest mean mitotic index of 2.22 mitoses/mm 2 or 0.38 mitosis/HPF, far above the cutoff for poor prognosis in humans. None of the 21 tumors examined had a mitotic index below 0.1 mitosis/HPF. The high mitotic rates were not unexpected, since growing cells in tissue culture tends to be selective of more mitotically active cells. Because all three tumors were very mitotically active and grew rapidly (Fig. 4) , we would not expect mitotic index to be the key determinant of rat survival in these xenograft models.
The other possible prognostic indicator evaluated in the study was histologic cell type. In general, the presence of epithelioid cells is associated with a poorer prognosis. 45 In our current model, epithelioid cells were present in all the xenografts, although areas of spindle cells were found in some of the tumors. Therefore, the presence of epithelioid cells would not be a discriminating parameter in predicting survival in this model. However, there has been a report that the extent of epithelioid cell involvement, expressed as the number of epithelioid cells per HPF, is a strong predictor of survival in patients. 44 Because lower epithelioid cell counts were associated with better prognosis in patients, there is a possibility that the presence of the mixed-cell phenotype in the xenografts will be correlated with better rat survival.
SUMMARY
In this study, we have shown that it is possible to grow human choroidal melanoma orthotopic xenografts in nude rats that reproduce the expected PAS staining patterns seen in aggressive and nonaggressive choroidal melanomas in patients. Whether the correlation between the PAS staining patterns and metastatic disease or survival holds true in this rat model remains to be determined. In the meantime, these models can be used to study the nature of the PAS-positive patterns in vivo. In addition, differences in gene or protein expression could be correlated with PAS staining patterns. The availability of these experimental tumors should result in a better understanding of the nature of the different PAS-positive vascular patterns.
